Abstract. This paper analyses the effect of internal R&D and of external sources of information on the innovation performance of Knowledge intensive business services (KIBS). The analysis is based on an establishment-level survey covering the period of 2011. In order to determine the influence of different external information sources on innovation and the extent to which internal R&D and the use of external information sources are related to innovation, a series of logistic regressions are performed on four different measures of innovation. The results show that KIBS innovation is positively connected to market-related information sources (but not to research and academic sources), that KIBS innovation is positively associated with the performance of R&D, and that there are no synergies associated with the combined performance of R&D and external information gathering: their effects are independent and additive. These results share some similarities, but also some important differences, with those that have been obtained from the study of R&D and external information sourcing in manufacturing establishments.
Introduction
It is well known that innovation is strongly dependant on external knowledge sources (Battisti, Gallego, Rubalcaba, & Windrum, 2014; Rodriguez, Doloreux, & Shearmur, 2015; Love, Roper, & Vahter, 2014) . Thus, innovative firms cannot solely rely on their internal knowledge and experience and require the acquisition of external knowledge and know-how from different sources such as clients and suppliers, competitors, universities, R&D institutes, and so on.
A number of empirical contributions have investigated the relationship between innovation and the use of different external innovation sources (Battisti et al., 2014; Love et al., 2014; Santamaría, Nieto, & Barge-Gil, 2010; BargeGil, 2013) . However, empirical studies present ambiguous results and it is unclear whether interaction with particular information sources or with a broad variety of them matters for innovation. This ambiguity may be a consequence of ignoring certain factors that affect the relationship between innovation and external information sources.
Extending previous research on innovation and knowledge sourcing activities, this paper explores the link between: i) internal R&D and innovation; ii) external sources of information and innovation; and iii) whether the two factors combined have a greater connexion with innovation than each considered separately. Drawing on theoretical knowledge from the disciplines of innovation and service studies, this paper adds to the debate on service innovation (specifically KIBS), analysing the extent to which internal R&D influences the effect of different external information sources.
The paper thus considers two key factors of KIBS innovation, one internal and one external: the former is in-house R&D, a key internal capacity allowing KIBS to assimilate information and knowledge and perform innovation Miles, 2008) . The latter corresponds to sources of information that lie outside the firm, as it has been shown that firms rarely innovate alone and usually have recourse to different external sources (Clausen, Korneliussen, & Madsen, 2013) .
The following question is analysed: are R&D and external information sources complements, substitutes or independent of one another? Three possible scenarios may occur: first, if they are complements there will be positive interaction effects: the probability of innovating when both R&D and external information are used will be significantly higher than if only or only the other is used. Second, if they are substitutes, the use of internal R&D and different sources of information will each contribute significantly to innovation but there will be no advantage to performing both. Third, if they act independently, then each will contribute to innovation, but they will not interact: their effects on establishment-level innovation are simply additive.
The context of the study is KIBS establishments in the province of Quebec (Canada). The analysis is based upon data from an original survey of 502 KIBS establishments. The article contributes to the empirical innovation literature in three ways. First, the effect of R&D on KIBS innovation is underexplored empirically as is, second, the role of (external) information sources: this paper contributes to these two areas of enquiry. The third contribution, an analysis of the interplay between R&D and external information sources, speaks to the wider question of the complementarity, substitutability or independence of internal and external resources in KIBS innovation.
Although the underlying motivation of this paper is to explore factors of innovation (innovation is the dependent variable), the empirical analysis is descriptive and exploratory. The cross-sectional questionnaire is structured in such a way that we cannot assign causal connections between innovation, R&D and external information. Rather, our results can only reveal whether they tend to occur within the same KIBS establishments: this is a first step towards causal analysis, which would require panel data and/or a questionnaire that directly probes the timing of these activities.
The paper is structured as follows. Section 1 provides the theoretical context and discusses the literature on the relationship between R&D, information sources and innovation. From this literature, three hypotheses are derived. Section 2 discusses the data and methodology. Section 3 presents the results, and the last section summarizes and concludes.
Theoretical background and hypotheses
Innovation occurs under different modalities, some of which are determined by recourse to a range of internal and external knowledge and information sources. The open innovation model emphasises external sources of knowledge and information which, it is argued, have become key resources for the development of innovation (Battisti et al., 2014; Clausen et al., 2013; Love et al., 2014) . This stands in contrast to the traditional model of innovation, which portrays innovation as a process -often linear but sometimes with feedbacks -where firms mainly rely on knowledge created internally, usually through internal R&D and human capital: here, innovation is characterized by a relatively weak need for knowledge integration from external sources (Rothwell, 1991) . However, much of the current research on internal capabilities, external knowledge resources and innovation has focused on manufacturing establishments and on technological innovation: their findings may not apply to the service sector: the nature of innovation activities in service firms may differ Miles, 2008) , as may the forms of innovation.
This section discusses antecedents relevant to the research framework and derives corresponding hypotheses. The framework proposes three key factors that are related to innovation: i) the use of external information and knowledge sources, ii) the use of in-house R&D, and /or iii) a combination of both. Whilst the discussion below draws upon the service and KIBS literature where possible, results from studies of manufacturing sectors are also referred to since they constitute the bulk of the literature in this area.
The role of different sources of information for service innovation (KIBS): hypothesis I
Current theoretical and empirical research recognises that to conceive innovation as solely the result of internal acts by firms is misleading since innovative firms have recourse to external knowledge sources to develop new concepts and ideas. It is well established that firms cannot generate innovation relying solely on their internal knowledge and experience: innovation requires the acquisition of at least some external knowledge and know-how (Cassiman & Valentini, 2016; Monteiro, Mol, & Birkinshaw, 2017) . External knowledge and information can reside in competing firms, in firms active in downstream and upstream industries along the production value-chain (i.e. users and suppliers), and in institutions outside the industrial system (e.g. universities, research institutes etc.). External knowledge and information can also be obtained from other general sources (Web, conferences, etc.) . In this context, knowledge from external sources is perceived as a critical element in the innovation process allowing firms to increase and complement their own ideas and technologies (Tödtling, Lehner, & Kaufmann, 2009 ).
In the service sector, clients play a key role, innovation being more reliant on soft sources of knowledge (Pina & Tether, 2016; Mina, Bascavusoglu-Moreau, & Hughes, 2014; Doloreux & Shearmur, 2013; Miles, 2008; Freel, 2006) . One fundamental characteristic of services is the importance placed on the relationship with clients: indeed, Bettencourt, Ostrom, Brown, and Roundtree (2002) stress that KIBS' value-added activities consist primarily in the accumulation, creation and dissemination of knowledge for the purpose of developing customized services to satisfy client needs.
Information from suppliers likewise contributes to innovation, particularly for Technological-KIBS -R&D services, engineering services, and computer services -since they are intensive users of scientific and technological knowledge (Freel, 2006) . Mansury and Love (2008) show that greater customer input (in terms of ideas and suggestions) leads to higher probabilities of innovation. Information sourcing from competitors may also help firms accelerate capability building through R&D collaboration and technological development, enabling firms to differentiate themselves from competitors with respect to technology strategies (Belderbos, Carree, Lokshin, & Fernández-Sastre, 2004) : however, the use of knowledge sourced from competitors is less common and less likely to be associated with higher levels of innovativeness.
Hypothesis 1a. KIBS that acquire external information from clients and suppliers are more likely to develop innovation. Whilst clients and suppliers can provide information relevant to new products and to marketing, they are less likely to have an impact on internal innovation related to management and human resources.
Universities and research organisations are important knowledge and information sources that create and disseminate scientific knowledge (Vivas & Barge-Gil, 2015) . Services (in particular KIBS) can be used by firms to acquire highly specific knowledge and information in order to develop solutions to particular problems or needs (Shearmur & Doloreux, 2015) : exchange of information with these sources has a higher impact on technologically more complex and radical innovations. Vivas and Barge-Gil's (2015) review highlights the key role played by universities, research institutes and KIBS in fostering innovation outputs, in particular product innovations. Focusing on the particular case of services, Mina et al. (2014) show that, although much emphasis has been put on the importance of clients for service innovation, higher benefits can be obtained from information provided by universities and the public research base.
Hypothesis 1b. KIBS that acquire external information from universities, research institutes and consultants (KIBS) are more likely to develop innovation, in particular new products (or services).
Other sources of information can be conference attendance, trade fairs and exhibitions, business associations, and access to scientific and specialised journals. These types of information can be classify as "potential" information that firms are exposed to, as opposed to information from market or institutional sources that are described as "realised" information, information that has been obtained (Zahra & George, 2002) . The nature of this information being general, it is expected that it can be associated with all types of innovation.
Hypothesis 1c. KIBS that acquire external information from generally available sources are more likely to develop all types of innovation.
In-house R&D in services (KIBS): hypothesis II
R&D plays an important role in innovation and its role as a determinant of innovation has been repeatedly emphasized (Becheikh, Landry, & Amara, 2006) . R&D in services is defined as: "creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society (particularly knowledge of the behaviour of economic agents and that of productive organizations), and the use of this stock of knowledge to devise new applications (whether they involve goods, services, processes, methods or organizations)" (Djellal, Francoz, Gallouj, Gallouj, & Jacquin, 2003, p. 427) .
This definition highlights two objectives of R&D. The first is to create new knowledge in view of developing new products or services, creating new markets, and identifying new needs for emerging customers and markets (Prajogo, C. M. McDermott, & M. A. McDermott, 2013) . The second is to improve existing knowledge to incrementally improve existing products and services to respond to market/customers' needs (Prajogo et al., 2013) . In contrast to R&D in manufacturing, this definition is wider, including research in the social sciences and psychology: as such, it moves R&D out of the laboratory, defining it as something that can also take place in offices, libraries and by way of observation, focus groups and surveys.
Despite Djellal's et al. (2003) widening of the definition, a review of the literature on innovation in services indicates that R&D is still under-researched compared with manufacturing Miles, 2008) . Furthermore, Doloreux et al. (2016) argue that R&D is often understood, by KIBS respondents themselves, as only being related to technology: thus the reporting of R&D in KIBS surveys does not reflect Djellal's et al. (2003) definition, but tends to record technological R&D that is associated with technological innovation, limiting its connection to organisational or marketing innovation of the sort most often introduced by services (Freel, 2006; Tether, 2005) . Therefore innovation in services is understood less as the result of R&D than of developing and converting various types of knowledge in view of introducing new services, expanding markets or streamlining existing service provision (Miles, 2008) .
Notwithstanding this view, R&D activity and intensity within services is increasing . Even though the recorded scale of R&D activity in services is more modest than in manufacturing, some research shows that service firms engaged in R&D are likely to have a stronger capacity to innovate (Miles, 2008) . Thus, in contrast to the view that R&D plays a negligible role in service innovation, another body of work (Pina & Tether, 2016; Doloreux et al., 2016; Battisti et al., 2014; Prajogo et al., 2013; Miles, 2008) recognises R&D as a driver of service innovation, and considers it an effective way to develop new knowledge inside firms.
In sum, the literature shows that, in manufacturing firms, R&D is a key factor that affects innovation. For services, however, there are limited studies that analyse R&D, and no consensus emerges, maybe because of the difficulty in defining and recording R&D in the service sector. In keeping with some of the KIBS evidence as well as the manufacturing evidence, we formulate the following hypothesis: Hypothesis 2. KIBS that report in-house R&D activities are more likely to develop technological innovation related principally to new products.
The interaction between different sources of information and in-house R&D for service innovation (KIBS): hypothesis III
It has been emphasised that the ability to combine internal and external information sourcing contributes significantly to innovation (Bianchi et al., 2016; Spithoven & Teirlinck, 2015; Dahlander & Gann, 2010) . Cassiman and Valentini (2016) indicate that innovation depends on firms' ability to organize, source and exploit both internal and external knowledge and information resources to develop and sustain innovation. These activities can be complementary (when firms undertake both internal and external activities), but could also be substitutes (when firms have recourse to external resources as an alternative to internal ones). Another possibility, rarely made explicit, is that the two activities may be independent of one another: i.e. the processes that connect internal R&D with innovation may be unrelated to those that connect external information to innovation.
Notwithstanding the possibility of independence, from an innovation perspective it is usually understood that the combination of internal and external knowledge sourcing is a critical source of competitive advantage. This implies that whatever the role played by external knowledge and information, firms' internal resources remain crucial, since without them firms lack the know-how and capabilities to absorb and exploit what is learned from the outside (Dahlander & Gann, 2010) . These capabilities result in part from previous processes of investment and knowledge accumulation within firms, and are closely related to their "absorptive capacity" (Cohen & Levinthal, 1990) .
There are several reasons to believe that R&D and information sourcing complement each other. First, in-house capabilities should increase the capacity of firms to source information externally, which in turn will lead to further expanded in-house knowledge capabilities (Denicolai, Ramirez, & Tidd, 2016) . Second, it can help to decrease the cost and time of new idea development and enable easier access to the resources required to innovate (Cassiman & Valentini, 2016) . However, recent research on possible complementarity of in-house R&D and external knowledge on innovation performance yields conflicting results. Several studies find that these activities are complementary. Some studies find that firms conducting R&D have a larger of number of external links and use external knowledge sources more intensively. Cassiman and Veugelers (2006) show that R&D and external knowledge acquisition are complementary with respect to innovation, but the degree of complementarity will differ according to other elements of firm's strategic environment. Other studies conclude that adoption of mixed innovation strategies generates positive effects on firms' performance as a result of complementarities between internal innovation activities (such as R&D) and external knowledge sourcing (Love & Roper, 2009; Vega-Jurado, Gutiérrez-Gracia, & Fernández-de-Lucio, 2009 ). Still other studies find little support for such complementarity: Love et al. (2014) in a longitudinal study of Irish manufacturing firms find no direct evidence of complementarity but find that firms that articulate a strategy on R&D and acquisition of external knowledge are more innovative over time. Cassiman and Veugelers (2016) test for complementarity in 'buy or sell' strategies for R&D with respect to innovation. They find no complementarity and show that buying and selling knowledge increase sales of new products. Finally, Doloreux and Shearmur (2013) in a study of Canadian manufacturing find no evidence of complementarity between R&D and external knowledge sources.
In addition, recent studies highlight that the complementarity between in-house R&D and external knowledge depends on the type of partner and varies over time. For instance, Chen, Wanhaverbeke, and Du (2016) , in their study of Chinese manufacturing firms find that, while there is clear complementarity between in-house R&D and external knowledge from customers, users and suppliers, there is no complementarity between internal R&D and external knowledge from universities and research institutes. The works of Belderbos, Carree, Lokshin, and Fernández-Sastre (2015) or Denicolai et al. (2016) point out that the relationship between in-house R&D and external knowledge varies over time. In general, engaging simultaneously in internal R&D and external knowledge sourcing improves innovation performance, although it takes more time to benefit from knowledge from universities and research sources than from knowledge obtained from clients or suppliers.
In sum, the literature has focused on the relationship between R&D and external information sourcing, though mainly with respect to manufacturing and technological innovation. Its findings -which do not all point in the same direction -may not apply to the service sector. Whatever the causal processes linking external information sources and innovation, R&D activities may perform a catalysing role by easing the appropriation and use of acquired information.
Hypothesis 3. The combination of internal R&D and the acquisition of external information from different sources has a positive effect on KIBS innovation. This will be more pronounced for information from customers, users and suppliers, and less so for information from universities and research institutes. In all cases it should be more pronounced for technological (new product) innovation.
Research design

The choice of the KIBS sector
Following the lead of many other studies of innovation in the service sector, this study focuses on KIBS (Tether, Li, & Mina, 2012; Doloreux & Shearmur, 2013; Freel, 2006; Miles, 2008) . KIBS is a knowledge-intensive industry characterized by high rates of innovation: this does not just consist in adopting (and adapting) technology and management techniques, but also in conceiving new services, processes, management strategies and marketing approaches. To introduce new services, KIBS require new information or new knowledge combinations resulting from the acquisition, assimilation and exploitation of new competencies and -we hypothesize -from the performance of in-house R&D.
Data
The empirical analysis is based on data from an establishment-level survey covering the period of 2011-2014. The survey provides information on the innovation activities of KIBS establishments in Canada (Quebec). Quebec is a Canadian province of 8 000 000 people: it has its own language, considerable policy and taxation autonomy, and its geography -two major metropolitan areas, a few smaller cities, and vast areas of virtually uninhabited landresembles that of Nordic European countries. Montreal is a minor global city (Derudder & Taylor, 2016 ) -its financial, legal and accounting sectors are secondary relative to nearby New York and Toronto, but its computer, creative and engineering services have carved out global niches in activities such as videogames, construction and mining services. Quebec City is the seat of government, with numerous consulting activities gravitating around the city's public sector. Given that French is the working language in Quebec, its KIBS sector is somewhat more self-contained than that of other Canadian or US states and provinces, with Montreal playing a dominant role (Polèse & Shearmur, 2004) .
The survey method and questionnaire are inspired by the Survey of Innovation and Business Strategy (Statistics Canada), the Community Innovative Survey, and the third edition of the Oslo Manual of the Organization for Economic Cooperation and Development (OECD, 2005) . The data were collected through telephone survey, performed by a private survey company which conducted interviews using Computer Aided Telephone Interviewing (CATI). The questionnaire consists of three parts. The first requests information on service innovations. The second includes questions on innovation activities and information sources used in the innovation process. The third requests information about the establishment.
These data constrain our ability to investigate causal connections. Indeed, the panel structure is such that we are able to establish whether, over the three years preceding the survey, the establishment has innovated, obtained information from various sources and/ or performed R&D, but we have no information on the sequence of events nor on whether the establishment itself considers that there is connection between the events. Thus, our empirical results are descriptive and establish correlations (controlled for possible confounding factors). These correlations may corroborate certain causal hypotheses (as derived from our reading of the literature and our understanding of the innovation process), but cannot establish causal connection: thus, absence of correlation is a strong indicator that no causal connection exists, but presence of correlation merely indicates that the causal connexion may exist.
The sample is representative of the population of KIBS establishments in Quebec (excluding establishments with over 500 employees) identified from the CRIQ (Centre de Recherche Industrielle du Québec) establishment database: a stratified random sampling process generated the sampling frame according to firm size, KIBS industry and location (see Appendix, Table A1 for assessment of representativity). The database includes 502 establishments. The sample covers five KIBS sub-industries: i) Architectural, engineering and related services (NAICS 5413); ii) Management, scientific and technical consultants (NAICS 5416); iii) Computer systems design and related services (NAICS 5415); iv) Other professional KIBS, which include Legal services (NAICS 5411) and Accounting (NAICS 5412); and, v) Other creative KIBS, which include Specialized design services (NAICS 5414) and Advertising, public relations, and related services (NAICS 5418). The sample corresponds to 20.0% (502/2508) of the population.
Variables and analytical procedure
In order to determine the extent to which R&D and the use of external information sources are related to service innovation, a series of logistic regressions are performed on four different measures of innovation: service innovation; new human resources practices; new management strategy; new marketing and commercialisation strategy. These types of innovation are defined in the questionnaire as follows. Service innovation is the introduction of any new or significantly improved product (service). Human resource innovation is the introduction of any new or significantly improved management strategy related to human resources, recruitment, and employees. Management innovation relates to the introduction of any new or significantly improved business strategy, including computer systems and knowledge management practices. Finally, marketing innovation relates to new or significantly modified marketing strategies and concepts (such as new marketing methods).
To explore H1a to H1c, we introduce eleven different external information sources. These sources are market sources, which include i) clients; ii) suppliers; iii) competitors, and iv) consultants; institutional sources, which include v) universities, vi) colleges, vii) commercial labs, and viii) federal and provincial governments; and other sources, which include: ix) business associations, x) conferences and trade fairs, and xi) investors. The survey asks: "Over the last three years, please indicate, from the list of sources below, those that play an important role in contributing ideas for the development of your services". For each source, a three-point scale is proposed: 1 means "little importance", while 3 means "high importance". In all cases the variables have been dichotomized, with the source coded "1" if it is categorized as "high importance". From these eleven sources of information, four principal components have been extracted, accounting for 56% of total variance: this component solution is of only moderate power, but the components are interpretable and no variables load onto more than one component (see Appendix, Table 2A ). The components, after orthogonal rotation, are named as follows: i-scientific and technical sources; ii-investors and conferences; iii-suppliers and internet; and, iv-clients (+) or consultants (-). It is interesting to note that these components do not combine information sources in quite the same way as they are discussed in the literature: for example, whereas clients and suppliers have often been analysed together, they load onto different components. Likewise general sources -such as the internet and conferences -do not combine. Although this is not the focus of the paper, the component solution suggests that standard classifications of information sources do not always apply, or apply differently to KIBS than to manufacturing establishments (from which they have been derived).
A cluster analysis with a five cluster solution is performed on the factor scores to explore whether specific combinations of information sources are related to innovation. There is no definitive solution to a hierarchical cluster analysis: a five cluster solution was chosen based on three criteria: a break-point in the evolution of the semi-partial R2 (i.e. the explanatory power lost from moving 6 to 5 clusters is modest compared to moving from 5 to 4), a small number of clusters (so that the analysis remains tractable), and a proportion of total variance explained superior to 50% (74.9% in this case).
To explore H2, we include a dummy variable for R&D. The survey asks "during the three years preceding this survey, has your establishment undertaken R&D in view of developing new or significantly improved services, process, organisational and marketing innovation?" R&D is defined as "creative and systematic work undertaken in order to increase the stock of knowledge -including knowledge of humankind, culture and society-and to devise new applications of available knowledge" (OECD, 2005, p. 44) . The R&D variable is dichotomous. Despite this indicator's lack of granularity it provides useful insight, as the empirical analysis that follows will reveal.
To explore hypotheses H1a, H1b, H1c and H2, the block of four information-source components and the internal R&D variable are each inserted alone, and the degree to which they augment the "controls only" model is examined. In the case of H1, dummy variables for the five clusters were also tested, but did not perform as well as introducing the factors directly: these analyses are available upon request.
To explore H3, information sources and internal R&D are inserted together, and interaction terms between R&D and the four components are also explored. Two elements are analysed: first, the extent to which R&D and information sources act independently. Two cases are possible. If R&D and information sources are substitutes, and account for essentially the same variability in the probability of innovation, the overall explanatory power of the model that includes either one will not greatly increase when both are included. Alternatively, R&D and information sources may relate independently to innovation: if this is the case, the extra explanatory power of the model (over and above the "controls only" model) will approximately be the sum of the explanation added by R&D alone and by information sources alone. The second element that is analysed is the interaction between R&D and information sources. It is possible that R&D and information each contribute independently and significantly to understanding the propensity to innovate, but that they also interact -in which case establishments that combine R&D with intensive use of information sources will have a higher probability of innovating. This would point to R&D and information sources being synergistic, the one enhancing the other in the innovation process.
In all logistic regressions a series of control variables is included. The variables are grouped into four categories. First, we control for size, measured as the number of employees. There are four dummy variables that represent size: 1-9, 10-24; 25-49; and 50 and more employees. Second, we control for exports, measured as the percentage of sales in foreign markets. In alignment with the literature (Rodríguez & Nieto, 2012) , three dummy variables categorize establishments by percentage of sales completed abroad: i) no international sales (0%); ii) ad hoc international sales (1-24%); and, iii) established international sales (25-100%). Third, we control for the milieu within which KIBS operate: it is often posited that metropolitan regions foster knowledge exchange and innovation. Four dummy variables represent different types of milieu: city of Montreal; city of Quebec; central regions (within 100km of a metropolitan area); peripheral and rural regions. Finally we control for five KIBS sectors: as Tether et al. (2012) have recently argued, the distinction between Technological-KIBS and Professional-KIBS is not fine enough: our data allow us to break the sample down into i) Management, Scientific and Tech. consulting; ii) other professional KIBS; iii) creative KIBS; iv) Architectural, engineering and related services; and v) Computer system designs and related services. Descriptive statistics are presented in Table 1 . 
Empirical results
In general, KIBS establishments that place high importance on external information sources are more innovative than those that don't (Table 2 ). H1a, which posits a connection between external information sources and innovation, is therefore globally verified. There are, however, some important provisos which emerge when the sub-hypotheses are considered.
Indeed, it is not all types of information source that are positively connected with innovation. Research and knowledge sources, for instance, are not associated with any type of KIBS innovation; client-sourced information is not associated with marketing innovation, but is strongly associated with product innovation. H1b is rejected: information from consultants (negative F4) and from research and knowledge sources (F1) is either not associated with innovation, or has a negative association with the probability of innovating. This surprising result may be connected to the time-span covered by the questionnaire: if this type of information source is connected to longer-term and more slowly developed innovations (Shearmur, 2015) then it could be associated with lower innovation rates over the three year time horizon of this study. An alternative interpretation is that firms seeking information from these more formalised sources are less dynamic than those interacting with market-related or ad-hoc sources.
H1c is difficult to verify because general information sources load onto two components: thus, the concept that underpins the hypothesis is not applicable (as a single concept) to our data. This type of information source is associated both with suppliers (Internet, F2) and with investors (conferences, F3), and both components are positively associated with all types of innovation (except F3 with Human resource innovation).
In short, and notwithstanding the general positive association between the importance assigned to information sourcing and innovation, there is no systematic connection between different types of information source and different types of innovation. The most striking result is the absence of connection (and, in one case, negative connection) between research and knowledge sources and innovation. KIBS innovation is not connected with obtaining information from universities, colleges or labs, at least over a three year time horizon.
With respect to H2, that posits a positive connection between in-house R&D and innovation, firms that perform R&D introduce more Product, Internal management and Marketing innovations (Table 2 , column C), thereby globally confirming the hypothesis. The odds ratio is highest for Product innovation (as expected under H2), but remains close to 2 for all types of innovation where the relationship is significant. It is only for Human Resources innovation that the result is not significant, but the odds ratio remains above one. This result is in keeping with research that has been performed on the manufacturing sector and with some -but not all -research on KIBS.
The question, therefore, is why, amongst the non-technological innovation types, human resource innovation is not associated with R&D, whereas it is with management and marketing innovations. First, we can point out that odds ratios are greater than one for Human resources innovation -so, there is a positive (but non-significant) association between human resources innovation and R&D. The question is one of degree, not of direction. Second, whereas in some cases (e.g. product innovation) theory suggests there could be a direct causal link between R&D and innovation, in other cases (e.g. marketing and management) the link may either be indirect (mediated by product innovation) or the causal process could be reversed (e.g. it is the innovation that "causes" R&D -for example a new management approach may introduce R&D). Whatever the causal direction, Internal management and Marketing innovations -unlike human resources -can be introduced quickly in response to R&D findings (or, conversely, changes in marketing and management can more quickly lead to R&D efforts). This suggests that the association between R&D and Human Resource innovation is weaker than for other types of innovation principally because HR innovation is slower to implement and/or less responsive to short-term changes. So, if R&D "causes" HR innovation, this will take longer to manifest itself, and, if HR innovation "causes" R&D, there will be a longer delay between the Human Resource changes and the results of R&D. Notes: Table 2 presents the odds ratios for each variable. For each model the independent variable is a dichotomous indicator of innovation. For each type of innovation, the models in each column are as follows: A contains only the control variables, B has the four components of external information sources added to A, C has the internal R&D variable added to A, and D has the four components of external information sourcing and external R&D added to A. * indicates significant at the 90% confidence level; ** 95%; *** 99%.
The key question addressed in this paper, formalised under hypothesis 3, concerns whether R&D and the external sourcing of information can be considered substitutes, complements or are independent. A first element of response can be gleaned from Table 3 . There is no correlation between R&D and the importance assigned to information sources: the proportion of firms that perform R&D does not vary across different component scores, and, Table 2 conversely, component scores are identical whether or not an establishment performs R&D. The two items are statistically independent -which is preliminary evidence that there is no tendency -at least for KIBS -for internal R&D activities to enhance recourse to external information as the literature suggests.
End of
This lack of connection between the two is confirmed when both are added simultaneously to the base logistic regression (Table 2 , column D): the odds-ratios of R&D and of the four component scores are virtually identical to when they are each added separately (columns B and C), and the decrease in -2loglikelihood (equivalent to chi2) that corresponds to the model with both types of variables (column D) is very nearly the sum of the decreases corresponding to each of the separate models (columns B and C). Likewise, the increase in Nagelkerke R2 of the full model over the control model is virtually the sum of the increases for each individual model. This indicates that internal R&D and external sourcing of information are almost totally independent, each contributing separately to KIBS innovation. This is also true for Human resource innovation: despite the fact that there is no connection between R&D and this type of innovation, the key result -that R&D and external sources appear not to interact, is maintained. Med (-0.5 to 0.5) 69% 69% 73% 69%
High (over 0.5) 71% 72% 71% 71%
Note: there are no significant differences (at the 20% confidence level) in factor scores across R&D, nor in the performance of R&D across factor scores.
As a final verification of this result, the interaction effects between R&D and information sources have been added to the complete model (Table 4 -control variables not shown). Given the almost total separation of the respective contributions of R&D and external information sources to the four types of innovation, it comes as no surprise that the interaction terms lack significance across all types of innovation. H3, which reflects the thrust of the literature with respect to interactions between R&D and external information sources in the manufacturing sector, is emphatically rejected in this study of KIBS establishments. The effects on KIBS innovation of in-house R&D and external acquisition of information are essentially additive: an establishment that performs both has a higher probability of being innovative than an establishment that only performs one or the other, but there are no synergistic effects. Note: the control variables (see Tables 2 and 3) are not shown.
Conclusions and practical implications
Interpretations Current work on innovation shows that it rests upon internal resources -including, but not limited to, internal R&D -and upon interactions with heterogeneous economic players and resources outside the firms' boundaries. We contribute to this work by providing new empirical evidence not only of the direct connection between R&D and use of external information sources on KIBS innovation, but more importantly of the possible complementarity of these two activities. Three broad sets of insights emerge from this study. First, the results confirm previous studies showing a positive association between openness (i.e. external information sources) and innovation. However, this association is not straightforward. The results reveal that KIBS that value information obtained from clients and suppliers and from generally available sources, including investors, conferences and internet have a higher propensity to innovate. However, we also show that KIBS that value information obtained from universities and from consultants tend to be less innovative. Two elements could explain this result. First, it may indicate that KIBS -unlike manufacturing firms -are more closely tied to markets and market-information when it comes to developing innovation. Information obtained from up and down the supply chain and from sources that allow markets to be scanned and monitored (such as conferences and the internet) is more strongly associated with innovation than that of more technical and scientific nature. Second, the results could indicate that KIBS establishments innovate along varied timescales: it is possible that the assimilation of scientific information and know-how is associated with innovation over a timescale that is longer than the three year window that we study, as previous studies using panel data point out (Belderbos et al., 2015; Denicolai et al., 2016) . In contrast, the assimilation of market-related information into the innovation process may occur more rapidly.
Second, the results corroborate the idea that R&D enhances all types of innovation (except for human resource innovation). Although there is some debate about exactly what KIBS respondents consider R&D to be -in particular the extent to which they consider social scientific and market research to be R&D -establishments that declare they perform R&D report higher propensities to innovate.
Third, we also provide empirical evidence showing that external sources of information and internal R&D are independently associated with KIBS' propensity to innovate. Thus, establishments that declare having recourse to both are more likely to have innovated than establishments having recourse to only one or the other. However, the results also reveal that there is no synergy between R&D and external information. Whilst each is associated independently with the propensity of establishments to innovate, there is no indication that combining both would enhance an establishment's propensity to innovate over and above the independent contribution of each. The idea that internal capabilities generated by R&D could enhance the effectiveness with which external information is assimilated and used in the innovation process is not corroborated by this evidence.
Taken together, these results provide an empirical contribution to an increasingly important literature stream in service innovation that emphasises not only the potential benefits of open innovation, but also the significance of R&D. It also contributes to wider questions concerning the complementarity, substitutability or independence of internal and external resources in the innovation process. Internal R&D and external sources of information do not appear to be substitutes in the KIBS innovation process; neither do they seem to be complements in the sense of being synergistic. Rather, they appear to be independent of one another, a third category that has not often been considered in the discussion that surrounds the interplay between internal and external factors of innovation.
It is important to bear in mind that even though the literature suggests a causal relationship between R&D and innovation and between external information and innovation, our results do not demonstrate this. The nature of our data is such that we can only reveal associations and correlations which, if interpreted causally, can lead to errors because of endogeneity. Indeed, it is plausible that KIBS undertake R&D after innovating, in order to improve existing products. It is also plausible that information is sought after an innovation is introduced, in order to enhance its marketing, for example. However, even given this limitation, the way in which R&D and external information combine with respect to innovation is intriguing and runs counter to the idea of synergies occurring within innovative establish-ments. If we accept the hypothesis of causal relationships leading from R&D to innovation and from external information to innovation, then our results reveal that internal capacities (R&D) and external capacity (external information) are independently connected to KIBS innovation and that their effects are additive.
Implications for practice and policy
Further research is required to confirm the causal hypothesis made at the end of the preceding section. If this hypothesis is correct, our results have several implications for practice and policy. Concerning R&D, they suggest that both policy-makers and managers should place greater emphasis on stimulating internal R&D if they want to increase the innovation performance of KIBS establishments. In the case of policy-makers the introduction of tax allowances and subsidies could be particularly useful in this respect. Managers, on their side, should consider dedicating more resources to internal R&D. Such approaches require a clear understanding of what R&D in the service sector actually consists of: Djellal's et al. (2003) conceptualisation is a good starting point -it goes beyond the scientific and technological definition of R&D used when manufacturing firms are studied, but requires more empirical exploration and validation.
As for external information sources, the results show their positive influence, especially in the case of market-related sources and ad-hoc sources. Thus, policy initiatives aimed at promoting cooperation between KIBS and innovation partners should be encouraged, such as the development of cooperation platforms and networks aimed at facilitating knowledge and information sharing and mutual learning. Managers should also put into practice mechanisms to foster knowledge and information sharing with other members of the value chain. It should be noted, however, that it is not always necessary to combine R&D with external information to succeed in innovation. In other words, managers should define their innovation strategies in accordance with the goal pursued (for example, if they want to develop a human resources innovation they should dedicate their resources to fully exploit external information rather than to conduct internal R&D).
A note of caution is, however, in order: formalised sources of information -knowledge institutions and consultants -are negatively associated with the propensity to innovate over a three year period: whilst we do not suggest that information from these sources depresses the propensity to innovate over the long term, the results do suggest that enhanced innovation should not be expected over the short term if these sources are encouraged. Indeed, our findings on the role of research and academic sources reflect the need for adopting both short-term (market-related) and medium to long term (technical or scientific related) perspectives when designing innovation policies for services (Shearmur, 2015) .
This empirical work has limitations. We work with cross-sectional data and not with panel data. This limits the possibility of analysing how the relationship between internal R&D and external knowledge sourcing evolves over time (Belderbos et al., 2015; Denicolai et al., 2016) , and, as noted above, precludes us from addressing endogeneity issues. Thus, causality cannot be established. Another potential limitation is that some associations may be biased because some respondents may tend to provide positive responses to all questions and others negative responses (common methods bias, Chang, Van Witteloostuijn, & Eden, 2010) . However, since the results do not suggest straightforward connections between dependent and independent variables, and to the extent that the results reveal no interaction between R&D and the use of information sources, then this type of bias appears to be limited: common methods bias would tend to enhance positive correlations as well as interaction effects. Finally, the study is based on a Quebec (Canada) sample. Though we see little reason to suspect that the mechanisms investigated are specific to this context, future research should extend our work and focus on other contexts, thereby testing their generalizability.
Bearing in mind these limitations, the results provide some key insights into the KIBS innovation process. In the short-term (three years) it rests more on market-related information than manufacturing innovation does. Unlike for manufacturing, there are no synergistic effects between R&D and information gathering: rather than being either complements or substitutes, R&D and external information sources are independent factors of innovation. This type of result furthers our understanding of the similarities, but also of the differences, between KIBS and manufacturing innovation. Note: the population column corresponds to information from the CRIQ (Centre de Recherche Industrielle du Québec) database from which the sample is drawn. 
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